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GLVFRYHULQJWKHURRWFDXVHRIWKHTXDOLW\SUREOHPV7KHEHQGLQJDQGIODWWHQLQJWHVWVDVRQHVRIGHVWUXFWLYHWHVWVDUH
ZLGHO\ XVHG WR H[DPLQH WKH SODVWLFLW\ RI VWHHO SODWHV DQG SLSHV DQG WR HYDOXDWH WKHLU DELOLW\ WR UHVLVW FUDFNLQJ RU
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GLVWRUW GXH WR ODUJH GHIRUPDWLRQ RFFXUULQJ LQ VRPH ORFDO DUHDV 7KH FODVVLFDO /DJUDQJLDQ PHWKRG ZKLFK LV DQ
DOJRULWKPWRFDOFXODWHWKHGHIRUPDWLRQRIPDWHULDOVE\XVLQJFORVHO\DVVRFLDWHGGHIRUPDEOHPHVKDQGZLGHO\XVHGLQ
VWUXFWXUDO PHFKDQLFV IDFLOLWDWHV WKH WUHDWPHQW RI PDWHULDOV ZLWK KLVWRU\GHSHQGHQW FRQVWLWXWLYH UHODWLRQV EXW KDV





,Q RUGHU WR FOHDUO\ XQGHUVWDQG ODUJH GHIRUPDWLRQ EHKDYLRUV LQ EHQGLQJ DQG IODWWHQLQJ WHVWV WKH ILQLWH HOHPHQW
DQDO\VLV KDVEHHQ FDUULHGRXWE\XVLQJ$/(PHWKRG LQ$EDTXV VRIWZDUH DQG1L'5VWHHO SODWHV DQG&U0R
VWHHOSLSHVH[WHQVLYHO\XVHGLQ LQGXVWULHVKDYHEHHQDSSOLHGIRUEHQGLQJDQGIODWWHQLQJUHVSHFWLYHO\ WRYHULI\WKH












D/t      
(ORQJDWLRQ      
)LQLWHHOHPHQWPRGHOV
2.1. Mechanical properties of materials 
1L'5VWHHOLVXVHGIRUSODWHEHQGLQJWHVWV,WLVDSURPLVLQJFDQGLGDWHPDWHULDORIODUJHVFDOHGVWRUDJHWDQNV
IRU/LTXHILHGQDWXUDOJDV /1*GXH WR LWV IDYRUDEOHFRPELQDWLRQRIKLJK VWUHQJWKDQGJRRGGXFWLOLW\ HYHQDW WKH
OLTXLG QLWURJHQ WHPSHUDWXUH $VLGH IURP KLJK SXULW\ DQG QLFNHO HOHPHQW FRQWHQW WKH DGYDQFHGKHDW WUHDWPHQW
WHFKQRORJ\GRXEOHQRUPDOL]LQJDQGWHPSHULQJ117LVDOVRDSSOLHGWRIXUWKHUHQKDQFHWKHPHFKDQLFDOSURSHUWLHVRI
1L'5 VWHHO 117 KHDW WUHDWPHQW LV WKDW DQ LQWHUPHGLDWH QRUPDOL]LQJ ć  LV DGGHG EHWZHHQ WKH ILUVW
QRUPDOL]LQJ ć DQG WHPSHULQJ ać ZKLFK UHILQHV PDUWHQVLWLF JUDLQV DQG LQFUHDVHV WKH IUDFWLRQ RI
UHYHUVHGDXVWHQLWHDQGKHQFHLPSURYHVWKHPHFKDQLFDOSURSHUWLHV>@0HFKDQLFDOSURSHUWLHVRI1L'5VWHHO
IRUEHQGLQJWHVWVDUHOLVWHGLQ7DEOH$QGWKHELOLQHDUVWUDLQKDUGHQLQJPRGHOLVXVHGLQILQLWHHOHPHQWDQDO\VLV
&U0RVWHHO LVXVHG IRUSLSH IODWWHQLQJ WHVWVZKLFK LVTXHQFKHGDWć IROORZHGE\ WHPSHULQJDWć WR
REWDLQ JRRG SURSHUWLHV >@7DEOH  OLVWV WKHPHFKDQLFDO SURSHUWLHV RI &U0R VWHHO IRU IODWWHQLQJ WHVWV DQG WKH
ELOLQHDUVWUDLQKDUGHQLQJPRGHOLVDOVRFKRVHQLQILQLWHHOHPHQWDQDO\VLV




7KH EHQGLQJ VSHFLPHQ PDGH RI 1L'5 VWHHO KDV D GLPHQVLRQ RI PPOHQJWKh PPZLGWKh
PPWKLFNQHVV 'LDPHWHU RI IRUPHU LV PP DQG WKH GLVWDQFH EHWZHHQ WZR VXSSRUWV LV PP 2ZLQJ WR WKH























1L'5     
&U0R     
)LQLWHHOHPHQWDQDO\VLVUHVXOWV

















FRQWDFW ZLWK WKH IRUPHU DV VKRZQ LQ )LJ  E:KHQ WKH IRUPHU GURSV WR PP WKH VWHHO SODWH EHJLQV WR
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VHSDUDWHIURPWKHIRUPHUDVVKRZQLQ)LJF$VWKHIRUPHUGURSVWKHVHSDUDWLRQLQFUHDVHVDVVKRZQLQ)LJ
G7KHQWKHIRUPHUPRYHVEDFNWKHVXSSRUWORRVHVDQGWKHEHQWVWHHOSODWHVSULQJVEDFNDVVKRZQLQ)LJH
7KHVLPXODWHG UHVXOWV UHYHDO WKDW WKHPD[LPXPVWDLQRI1L'5VWHHOSODWHKDVUHDFKHGDIWHUEHQGLQJ
KRZHYHU ZKLFK LV MXVW  FDOFXODWHG E\ XVLQJ (T ,W LV REYLRXV WKDW WKH HPSLULFDO IRUPXOD VLJQLILFDQWO\
XQGHUHVWLPDWHV WKHGHIRUPDWLRQRI WKH VWHHO SODWHGXULQJ WKHEHQGLQJSURFHVV7KHGLIIHUHQFHKDVEHHQ DVKLJK DV








)LJXUH  FRPSDUHV VLPXODWHG UHVXOWV RI WKH EHQGLQJ SURFHVV E\ XVLQJ /DJUDQJLDQ DQG $/( PHWKRGV 7KH
VLPXODWHG UHVXOW EDVHGRQ/DJUDQJLDQPHWKRG VKRZV WKDW WKH ODUJH FRPSUHVVLRQGHIRUPDWLRQRFFXUVRQ WKHXSSHU
VXUIDFHRIWKHEHQGLQJVSHFLPHQZKHUHWKHPHVKLVVHYHUHO\VTXDVKHGZKLOHWKHODUJHWHQVLOHGHIRUPDWLRQRFFXUVRQ
WKH ORZHU VXUIDFHZKHUH WKHPHVK LV VHYHUHO\ VWUHWFKHG DV VKRZQ LQ)LJ D7KH VLPXODWLRQ WHUPLQDWHVGXH WR
VWURQJGLVWRUWLRQVRIPHVKHOHPHQWVZKHQWKHIRUPHUGURSVWRPP)LJXUHEVKRZVWKHVLPXODWHGUHVXOWE\
XVLQJ$/(PHWKRG'XULQJFDOFXODWLRQWKHDFFXUDF\LVJXDUDQWHHGE\UHPHVKLQJWKHVWURQJGLVWRUWHGHOHPHQWV$QG
WKHHOHPHQWV VWLOO KDYHJRRGTXDOLW\DIWHU VLPXODWLRQ&DUHIXO H[DPLQDWLRQRI)LJ D DQG)LJ E VKRZV WKDW







RI PP PP PP PP DQG PP DUH FUHDWHG WR LQYHVWLJDWH WKH HIIHFW RIPHVK VL]H )LJXUH  D VKRZV WKH
GLVWDQFHVRIWKHWZRHQGVRIWKH8EHQGZKHQWKHIRUPHUGURSVWRPPDQGWKH8EHQGVSULQJVEDFN,WFDQEHVHHQ




WR FRPSURPLVH WKH FRPSXWDWLRQDO DFFXUDF\ DQG FRVW PP PHVK VL]H LV PDLQO\ XVHG LQ WKLV VWXG\ H[FHSW IRU
GLVFXVVLQJ WKH HIIHFW RIPHVK VL]H)LJXUH D FRPSDUHV WKH FDOFXODWHG UHVXOWVZLWKPPDQGPPPHVK VL]HV
2EYLRXVO\WKHGLVWDQFHRIWKHWZRHQGVRIWKH8EHQGZLWKPPPHVKVL]HLVODUJHUWKDQWKDWZLWKPPPHVKVL]H
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ZKLFK LV PDLQO\ FDXVHG E\ WKDW WKH SRUWLRQ RI \LHOGHG HOHPHQWV LQFUHDVHV DQG WKH VSULQJEDFN GHFUHDVHV ZLWK
GHFUHDVLQJWKHPHVKVL]H
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UHVXOWV WRR )LJXUH  FRPSDUHV WKH VLPXODWHG UHVXOWV ZLWKRXW IULFWLRQ EHWZHHQ WKH FRQWDFW SDLUV 7KH UHVXOW ZLWK
IULFWLRQFRHIILFLHQWRILVVKRZQLQ)LJDDQGWKDWZLWKRXWIULFWLRQQDPHO\KDUGFRQWDFWLVVKRZQLQ)LJE
,WFDQEHVHHQWKDWWKHIULFWLRQFDQHIIHFWLYHO\FRQVWUDLQWKHUHODWLYHVOLGHRIFRQWDFWSDLUVDQGUHGXFHWKHVHSDUDWLRQRI
WKH IRUPHU IURP WKH VWHHO SODWH&RUUHVSRQGLQJO\ VXFK VHSDUDWLRQEHFRPHV ODUJHUXQGHU WKH IULFWLRQOHVV FRQGLWLRQ





3.2. Flattening of steel pipes 
5HIHUULQJWRWKHVLPXODWHGUHVXOWVRIEHQGLQJSURFHVVHVRI1L'5VWHHOSODWH$/(PHWKRGDQGPPPHVKVL]H
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7KHVLPXODWHGUHVXOWVVKRZWKDWWKHIODWWHQHG&U0RVWHHOSLSH KDVD³SHDQXWVKDSH´DQGWKHOHIWDQGULJKWVLGHV






4.1. Bending test results of steel plates 
)LJ&RPSDULVRQEHWZHHQVLPXODWHGDQGH[SHULPHQWDOEHQGLQJUHVXOWVRIVWHHOSODWHV
7KH 1L'5 VWHHO SODWH ZLWK D GLPHQVLRQ RI PPOHQJWKhPPZLGWKhPPWKLFNQHVV LV XVHG IRU
EHQGLQJWHVWWRYHULI\WKHVLPXODWHGUHVXOWV$QGWKHIRUPHUGURSVXSWRPPDQGPRYHVEDFN7KHGLVWDQFHRIWKH
WZRHQGVDQGWKHZLGWKRIXSSHUDQGORZHUVXUIDFHRIWKHERWWRP RIWKH8EHQGDUHPHDVXUHG7KHGLVWDQFHRIWKH
WZR HQGV RI WKH 8EHQG LV PP DQG WKH VLPXODWHG YDOXH LV PP ZKHQ WKH IRUPHU GURSV WR PP 7KH
GLVWDQFHRIWKHWZRHQGVLVPPDQGWKHVLPXODWHGYDOXHLVPPZKHQWKHIRUPHUPRYHVEDFN7KHZLGWKRI
XSSHUVXUIDFHRIWKHERWWRPRIWKH8EHQGLVPPDQGWKHVLPXODWHGYDOXHLVPPZKLOHWKHZLGWKRIORZHU




782   D.F. Nie et al. /  Procedia Engineering  130 ( 2015 )  775 – 783 
)LJXUH  FRPSDUHG WKH VLPXODWHG DQG H[SHULPHQWDO UHVXOWV ZKLFK DJUHH ZHOO ZLWK HDFK RWKHU H[FHSW D OLWWOH
GLIIHUHQFHLQVRPHORFDODUHDV
4.2. Flattening test results of steel pipes 
7KH&U0RVWHHOSLSHZLWKDGLPHQVLRQRIPPGLDPHWHUhPPOHQJWKhPPWKLFNQHVV LVXVHGIRU
IODWWHQLQJWHVWWRYHULI\WKHVLPXODWHGUHVXOWV7KHFRPSDULVRQ RIWKHVLPXODWHGDQGH[SHULPHQWDOUHVXOWVLVVKRZQLQ
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